Abstract
Introduction

22
Bulimia nervosa (BN) and binge eating disorder (BED) are eating disorders characterized by compul- CONSORT flow diagram (www.consort-statement.com) demonstrating recruitment pipeline. We excluded 108 individuals who had disordered eating but did not meet DSM-5 criteria for bulimia nervosa or binge eating disorder. We excluded individuals who met DSM-5 criteria for obsessive-compulsive disorder (OCD; n=15), attention deficit-hyperactivity disorder (ADHD; n=7), substance use disorder (n=7), age over 40 years (n=2), and movement disorder (n=1). We excluded 39 subjects who were using either psychostimulants, dopamine D2-receptor antagonists, dopaminergic antidepressants such as bupropion or sertraline, other dopaminergic drugs such as L-DOPA or dopamine agonists, and serotonin-norepinephrine reuptake inhibitors (although venlafaxine at doses <150mg was not excluded). After clinical interview, we included 25 subjects with bulimia nervosa, 25 subjects with binge eating disorder, and 25 healthy controls. Healthy controls were free of any historical diagnosis of eating disorder. Five subjects were excluded based on task-related criteria: pressing the same key on more than 95% of trials (n=1), and making the same choice at the first step of the task on more than 95% of trials (n=4). are initially (i.e. at the first-step) presented with two choices, from which they must select one.
91
Each choice leads to one of two second-step states, with fixed probability. Once presented with 92 the second-step choices, subjects must again choose one of the two options, after which a reward 
wherê is a vector of predicted action probabilities for trials = {11, … , }, is the sigmoid function,
111
is an intercept term, and * is the convolution of and (without zero padding). Assuming Individuals are initially presented with the first step that contains two options, from which subjects must select one by pressing a key. Choices must be made within 2 seconds of stimulus presentation. Selection of a first-step option will lead to a given second-step state with probability of 70% (the "common" transition), and to the other with a probability of 30% (the "rare" or "uncommon" transition; duration of transition is 0.4s). These probabilities remain fixed throughout the experiment. Each of the two second-step states has nested within it a set of two options from which the subject again selects by pressing a key (time limit is 2 seconds); those second-step state options are each associated with a reward probability that varies between 0.25 and 0.75 according to a Gaussian random walk with standard deviation 0.025. The image selected at Step 2 then moves to the top of the screen for 0.4 seconds at which time feedback is provided in the form of a reward (gold coin image) or no reward (empty circle).
capture a subject's control strategy. 
131
Analysis of Reaction Times
132
Like previous studies (Deserno et al., 2015), we collected reaction time data from participants during 133 performance of the two-step task. We were particularly interested in the second-step reaction 134 time as a proxy measure for the degree to which the subject learned the state-transition model.
135
Greater reliance on the MB system involves use of estimated transition probabilities in first-step 136 choices; in subjects using such a strategy, rare transitions are assumed to elicit surprise, which this 137 analysis component assumes will slow reaction time at the second step. Indeed, for every group, Figure 3a shows the iterative process of learning filter weights for a single subject. The analysis done in our study modeled filter weights as random variables distributed around a group-level mean. Figure 3b and Figure 3c illustrate the filter values that would be learned for model-based and model-free agents, respectively. The filter value is proportional to the probability that a subject will repeat an action taken at a given number of trials before the present, for a given trial type. Relationship between eating disorders examination questionnaire (EDE-Q) score and the MBI, MFI estimates. There was a statistically significant negative correlation between EDE-Q and MBI (r=-0.43, p<0.001). This relationship remained significant after correction for covariates (p<0.001; see Table 2 ). Similar results were shown for EDE-Q against estimates of model-based and model-free control parameters from reinforcement learning modeling. Plots are histograms of samples from the posterior probability density over the parameters. The x-axis shows the parameter value, and the y-axis represents the count of samples over that value. Histograms are coloured by group. Note these parameters represent the effect of group (BED or BN) on the respective parameter estimate (e.g. for in this Figure) above the level expected from healthy controls. In general, bulimia nervosa showed lower values of all inverse softmax temperatures relative to healthy controls. These differences were either greater than those observed in the binge eating disorder group, or opposite in direction.
Reinforcement Learning Modeling
143
To further investigate the findings of theory-free analyses, we fit an RL model to subjects' behavioural 144 data. We implemented a computational model similar to that in Sharp et al. (2015) . Each subject 145 was characterized by a set of parameters = ( (First et al., 2015) . However, the diagnostic tool employed in this study, the Eating Disorder by the SCID or other structure interviews.
262
In sum, we showed that greater eating disorder symptom severity is associated selectively with 263 a reduction in MB (goal-directed) control, and that this effect may be independent of covariates 264 known to be related with impaired MB control. However, in terms of ability to classify subjects 265 based on diagnosis, impairments in MF control proved characteristic of subjects with BN. Our study 266 is the first such investigation in a clinical sample of patients with both BN and BED, and highlights 267 an important computational difference between these diagnoses. 
294
Continuous demographic and rating scale data were tested for normality using the Shapiro-
295
Wilk test. Normally distributed data were summarized with mean and standard deviation, and 296 differences between the three groups tested for statistical significance using analysis of variance. Task-based exclusion criteria included missing more than 10% of trials, demonstrating a mean 316 reaction time >2 standard deviations faster than the overall group mean, responding with the same 317 key on the keyboard for >95% of trials, and making the same choice for >95% of trials.
Working Memory Task
319
Working memory was measured using the operation span task (OPSPAN) 
where is a scalar intercept parameter capturing an independent tendency to select Choice A. type on the first step choice at trial can thus be summarized as
which is easily extended to other trial types (RU, OC, OU), whence the following regression equation 
We performed inference of and across subjects using generalized linear mixed effects The global EDE-Q score was the primary variable of interest in terms of relationship with MB 369 and MF control. This is a 28-item self-report measure of four domains including eating concern, 370 weight concern, shape concern, and dietary restraint over the past 28 days. The measure is adapted The purpose of this analysis was to determine whether the filters learned in the multi-step back 377 logistic regression offered discriminative power with respect to diagnosis. For a given subject we 378 define 1 × vectors, and , which are
and 380
Given a sample size of , we then construct an × 2 matrix 
388
Analysis of Reaction Times
389
The response variable in these analyses is the average reaction time difference between second-390 step choices made after rare and common trials: The observation model dictates that the probability of a given action, , at the first-step 
in the factoextra package (https://www.sthda.com/english/rpkgs/factoextra) for the R statistical 460 programming language.
Implementation Details
462
Analyses were performed on a Linux server with a 16-core AMD 1950X central processing unit. 
